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We like to start
at this level...

.. our end goal is
always commercially
viable prototypes

UNIVERSITY OF

mmm [ |ectrowetting Theory

We have a strong record for rapid technology prototyping

Electroluminescent Displays Color Plasma-Spheres for IST Inc.

2003, 2 years R&D Mag Top 100 Award,
2005, 1 year
Full Color Actlve-Matrlx-Electrowettlng
- Cell Phone Display,
Actisign™scaled 2007, 1 vear
to 1.5x2.0m, 3

2005, 1 year ==

' Your personalitylyy

« your choice.

1) Jones, Langmuir, 2002.
2) Mugele, Phys. Cond. Mat., 2007.
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—— Is Industry and Academia Excited about Electrowetti ng? —

commercially viable?

70% per year
Since 2001!

Yes! Varioptic is mass producing
electrowetting lenses for camera phones.

— Electrowetting Optics at Cincinnati '

We do a variety of electrowetting work,
but we have four dominant themes:

1) Mostly ‘optical’ applications...

2) Arrayed devices:
-10'sto 100’'s m per individual device
- leverage the LCD-TFT infrastructure for electrical control!

3) Not Si-style fab:  -flexible UV-cured polymers! 4) Self-assembled liquid dosing:

- not inkjet
- is fast, accurate, scalable...




—— Quick Example 1 - Electrowetting Microprisms... —
IAchieve " = +/-45°

IWe need to make these

small and in large arrays!

'

Hou and Heikenfeld et al. - App.
Phys. Lett. June, 2007.

— Smith and Heikenfeld et al. - Opt.
Express, July, 2006.

—— Slides Deleted '

Note, several slides were deleted at this point that
were not intended for public release.




— Quick Example 3 — Electrowetting Displays .

Cincinnati has developed

also (see below)

—— Quick Example 3 — Electrowetting Displays .

So what is unique about Transmissive Electrowetting Displays (10X LCD)

Cincinnati s effort?

Emissive Electrowetting Displays (2005)

2007- active matrix cell phone, ~50 m pixels

Flexible Electrowetting Displays (2008)

2008- technology transferred to ITRI (Taiwan)
who demonstrated 6” active matrix panel and
fabrication on 0.37x0.47 m glass!

Lao and Heikenfeld, J. Display
Tech. - 2008! —
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Heikenfeld and Steckl, Appl. Phy.
[ ]
Lett. - 2005




—— Last Example — Can We Do Better Than EW Displays? —

IEW Microwell Arrays!

Electrocappilary pressure
VS.
Young-Laplace pressure

p=2/,0/R

linteresting, but we have also
stopped this work in pursuit of an
even better approach!

IThis next topic is the primary
topic for today, and our newest
development.

~6 mm

Zhou and Heikenfeld et al. - App.
- 11 1
Phys. Lett., 2007.

—— Electrofluidic Chromatophores !

No technology to date has be able to mimic  zebrafish melanophore cephalopod chromatophore
biological chromatophores that involve - chemically driven - muscle driven
pigments and change in pigment area.

Electrofluidic Chromatophores! <‘l:{>

Our 18t demo in spring of 2007!
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—— Basic Operation

Simple operation, EW/Young-
Laplace pressure (think 2 soap
bubbles at each end of a straw)!

Q [, /R

p=2/ IR

Using 3 substrates okay for
e-windows and other non-
pixelated applications! !

I but alignment is not
manufacturable for pixelated
displays!

—— Latest Design... ——

ALL key features aligned on the
base substrate.!

UV-cured polymer Bm creates
reservoir, and duct which has 2 roles:!

(1) counterflow (2) pixelation!!

Key device features:!

1) Pigment has FULL optical
performance (clear ITO, or refRective Al)!

2) Demonstrated 1 meterto ~150 m !

3) Pigment changes 5 to 95% of area !




—— Latest Design... —

150 m pixels (will show even
better results in a moment!) !

We have developed a simple
yet fully predictive model for

operation!
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—— Recent Results
Real time video, ~150 m (300 DPI)!
dielectric
options allow
range from
~7 t0 120 Ve
Current effort (300 DPI) IAlso working to reduce reservoir to
and scaling display diag.! ~5% and pigment to >95% (20:1)
A
1e
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—— Current Fabrication Process (Displays)

We only use spin or dip coating, photolithography, vacuum deposition, wet etching.
Highest cost? Use LCD style fabrication, and cost comparable to LCD.!

How thin?  Our bistable version can be as thin as ~10 m for our entire "optical layer#!

—— Liquid Self-Assembly

We now have
reliable pigment
self-assemblys !
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—— Slides Deleted '

Note, several slides were deleted at this point that
were not intended for public release.

—— How We Stack Up Against Other Reflective Displays —

Electrophoretic Liquid Powder Electrochromic Suspended Particle
(e-Ink) (Bridgestone) (NTerra) (DIC)
W ~40% W~45% W~45% W~30%

Color ~20% (1 layer) Color ~20% (1 layer) Color ~??% (3 layer)
[ ]

Cholesteric LC Qualcomm MEMs Electrowetting Electrofluidic
(Kent Displays) (PVI) (UC, LiquaVista) (S[®))
W ~ 40% Mono ~50% W ~ 55% W ~ 85%
Color ~30% (3 layer) Color ~ 25% Color ~25% Color ~40% 1 layer

Color ~60% 2 layer




—— Slides Deleted

Note, several slides were deleted at this point that
were not intended for public release.

—— Spectrum of Products

electronic windows
POP displays
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—— Switch Gears... Adaptive Concealment?

—— Slides Deleted

Note, several slides were deleted at this point that
were not intended for public release.




—— So What is Next?

Spring 2007

Spring 2009

Now time to implement
our strategic vision (next
slides).
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